To study the effects of dietary fat on jejunal water and ion absorption and on cholera toxininduced secretion, 3 week old Sprague Dawley rats were fed isocaloric diets. Forty per cent of the total calories were given as fat, as butter (high saturated fat), olive oil (high monounsaturated fat), or corn oil (high polyunsaturated fat), with one group on low fat (10% of calories) standard laboratory diet as controls. During in vivo jejunal perfusion studies we found that (i) a polyunsaturated fat (corn oil) supplemented diet improves jejunal absorption of water and electrolytes and these changes are independent of the observed concentrations of luminal prostaglandins; (ii) high dietary fat appreciably reduced the secretory response to cholera toxin, probably without fundamentally changing the mechanism by which cholera toxin induces secretion. We conclude that dietary fat composition altered the permeability and transport characteristics of the small intestine. This observation might have relevance to some human diarrhoeal disorders. Department Interest in dietary modification of intestinal ion transport and eicosanoid synthesis has arisen both as an alternative approach to studying their physiological importance and for possible therapeutic value. Evidence is gradually accumulating for a protective effect of dietary fat in diarrhoeal disorders. Epidemiological studies suggest a possible relation between low milk fat intake in children and an increased incidence of gastrointestinal illnesses, especially diarrhoea. Careful analysis failed to explain the association and it was concluded that there may be a nonimmunoglobulin factor in milk fat which prevents diarrhoeal illness. ' In a clinical study children with chronic nonspecific diarrhoea who had no evidence of malabsorption were found to be taking low fat diets, and they responded well to polyunsaturated fat supplementation.23 In the laboratory fractionation of human milk by ammonium sulphate precipitation and column chromatography yields a non-immunoglobulin fraction which has been shown to protect rabbits against enterotoxininduced intestinal fluid secretion in vitro. Preliminary experiments showed that the inhibitory activity was extracted by chloroform Table I ). The fatty acid composition of the diets is shown in Table II . To reduce coprophagy animals were housed individually with alternate 12 hours of light and dark, in cages with a mesh wire bottom, and their intake was calculated daily. The diet high in saturated fatty acids (butter) provided 24-6% of the total fatty acids and 9-8% of the total calories (% wt/wt) as oleic acid, and approximately 2 5% of the total fatty acids and 0 95% of the total calories as linoleic acid, whereas only approximately 0-6% of the total fatty acids and 0-2% of the total calories were provided as a linolenic acid, with a w6/w3 ratio of 4.75.
Interest in dietary modification of intestinal ion transport and eicosanoid synthesis has arisen both as an alternative approach to studying their physiological importance and for possible therapeutic value. Evidence is gradually accumulating for a protective effect of dietary fat in diarrhoeal disorders. Epidemiological studies suggest a possible relation between low milk fat intake in children and an increased incidence of gastrointestinal illnesses, especially diarrhoea. Careful analysis failed to explain the association and it was concluded that there may be a nonimmunoglobulin factor in milk fat which prevents diarrhoeal illness. ' In a clinical study children with chronic nonspecific diarrhoea who had no evidence of malabsorption were found to be taking low fat diets, and they responded well to polyunsaturated fat supplementation. 23 In the laboratory fractionation of human milk by ammonium sulphate precipitation and column chromatography yields a non-immunoglobulin fraction which has been shown to protect rabbits against enterotoxininduced intestinal fluid secretion in vitro. Preliminary experiments showed that the inhibitory activity was extracted by chloroform and methanol, which suggests the involvement of lipid.4 A glycoprotein or a glycolipid compound in the non-immunoglobulin fraction of human milk has recently been shown to inhibit the adherence of certain enterotoxigenic Escherichia coli strains to guinea pig intestinal tract. 5 The present study was designed to investigate further the relations between diet and function and to explore the possible protective value of different types of dietary fat in a rat model of secretory diarrhoea. 24-6% of the total fatty acids and 9-8% of the total calories (% wt/wt) as oleic acid, and approximately 2 5% of the total fatty acids and 0 95% of the total calories as linoleic acid, whereas only approximately 0-6% of the total fatty acids and 0-2% of the total calories were provided as a linolenic acid, with a w6/w3 ratio of 4.75.
The diet high in polyunsaturated fatty acids (corn oil) provided 29-78% of the total fatty acids and 11-9% of the total calories as oleic acid, approximately 58% of the total fatty acids and 23-2% of the total calories as linoleic acid, and only approximately 0-2% of the total fatty acids and 0-8% of the total calories were provided as a linolenic acid, with a w6/w3 ratio of 29 .
The diet high in monounsaturated fatty acids (olive oil) provided 79 4% of the total fatty acids and 31-7% of the total calories as oleic acid, approximately 7% of the total fatty acids and 2-8% ofthe total calories as linoleic acid, but only approximately 1% of the total fatty acids and (Table I ).
The solution was perfused in a single pass perfusion at a rate of 0 45 ml/min using a Harvard infusion pump. The solution was warmed and kept warm through coils of polyvinyl tubing placed into a water bath and the water bath temperature adjusted so that the temperature of the perfusate was 35 (1)°C as it entered the intestine. After 30 minutes, which was sufficient to reach an equilibrium state in preliminary experiments using recovery of 14C PEG as an index, three consecutive 10 minute collections of effluent were obtained. Each collection was analysed for net absorption and net secretion of water and solutes using the standard formula. 8 The results were expressed in 1d or ,umol/min per g wet weight. Negative results indicate net secretion. Positive results indicate net absorption.
In the cholera toxin experiment perfusions were performed on adult female Sprague Dawley rats. These were sibs of the male rats used in the steady state studies. 
Results

CHARACTERISTICS OF ANIMALS
The weight ofanimals at the beginning and at the end of the experiments and the duration of feeding did not significantly differ between the four groups (Table III) (Table V) .
EFFECTS ON CHOLERA TOXIN-INDUCED SECRETION
Feeding rats high dietary fat did not significantly alter the absorption of glucose at the low concentration used. High monounsaturated and high polyunsaturated dietary fat, compared with low fat intakes, reduced the effects ofcholera toxin on secretion ofwater and electrolytes (Figs 1 and 2) .
Taking into consideration the baseline absorption of unstimulated jejunum, it seems that all three high dietary fat regimens reduced the net secretory response to cholera toxin by about 50%.
Discussion
The absorption values of these perfusion studies were lower than those previously reported.79"0
The reason behind these variations may be related to the variation in the Na+ content of the perfusate, the relatively higher osmolality, lower glucose, lower total C02, and lower flow rate in this study, the variation in the ages of the animals, and the units used to express the data. High dietary polyunsaturated fat is known to increase the fluidity of the enterocyte plasma membrane,'5 which in turn produces a more permeable membrane due to reduced attractive forces between adjacent lipid molecules. '6'7 The observations that high polyunsaturated fat appreciably increased the activity of Na+/K+ ATPase in the basolateral membranes,' significantly increased tissue concentration of somato- statin in the proximal small intestine (submitted data),'8 and appreciably increased villous heights in the jejunum (submitted data)'8 might lead to an expectation of enhanced absorption.'9 The alterations in prostaglandins produced by diet may be relevant, since luminal PGE2 in rats fed corn oil was reduced to lower levels than in the control groups20 (Table V) . Polyunsaturated fat may therefore inhibit a prostaglandin mediated step in intestinal secretion beyond the generation of cAMP. 2' In contrast, rats on high monounsaturated dietary fat showed no significant alteration in ion transport compared with low fat control groups.
Their luminal PGE2 and PGF2a were significantly increased during perfusion (Table V) , however, and the fact that an increase in luminal PGE2 has been shown to increase the inhibition of Na+/K+ ATPase and stimulate adenyl cyclase2' may explain the relative reduction in the absorption of water and electrolyte compared with the corn oil group.
High saturated fat reduces the permeability of the enterocyte plasma membrane,'6 17 greatly reduces Na+/K+ATPase activities,'" and also reduces the jejunal villus height.'8 It also increases total phospholipids in intestinal microvillus membranes and in particular membrane bound phosphatidylinositol,'5 the hydrolysis of which is accompanied by more gating of Ca2+ across the basolateral membrane. This calciumgating process increases ionised Ca2+ levels in the cell and this is thought to stimulate secretion through Ca2+ dependent protein kinases. This is under investigation in our laboratory. These factors in combination may explain the appreciable reduction in water and electrolyte transport that we observed in the high saturated fat group (Table IV) .
We used a single, very low glucose concentration as a marker to show the viability of the mucosa. Further studies using different concentrations of glucose are required to elucidate the possible effects of fat on glucose absorption. Previous in vitro studies showed that the rate of jejunal uptake of D-glucose varied from 05-20 mmol and was higher in animals fed high polyunsaturated fat. 22 Cholera toxin-induced stimulation serves as a useful model of secretory diarrhoea in experimental studies. Cholera toxin is a protein molecule, which consists of a B subunit containing five non-covalently linked molecules and an A subunit containing two peptides, A1 and A2, linked by a disulphide bond.23 In a comprehensive review of the pathogenesis of cholera, Hendrix24 concluded that there is no evidence that cholera toxin increases epithelial permeability or osmotic or hydrostatic gradients, and the increased intestinal fluid secretion stimulated by cholera toxin arises from increased filtration through normal calibre 'channels.' The gross effect of cholera toxin is the production of water and electrolyte secretion by a complex biochemical mechanism, not yet well understood. It involves a rise in cAMP, which causes active secretion of Cl-from the crypts and inhibits active electrogenic Na+-coupled glucose absorption.25 It is not definitely known how the binding of the B subunit to a specific membrane glyco-lipid mediates the entry of the A subunit or whether this is the only mechanism by which cholera toxin induces a secretory state.
In the present studies, if we can extrapolate from baseline studies in male rats to the cholera toxin-induced studies in female animals, it seems that the pre-existing absorptive/secretory state of the mucosa has a pronounced effect on the secretory response to toxin. Thus, bearing in mind that a butter diet produced a small net secretory state when unstimulated whereas corn oil apparently enhanced water and electrolyte absorption, all three fat supplements reduced the net secretory response by about half. This suggests that the fundamental mechanism by which cholera toxin activates secretion is unchanged, although a number of other theories may explain variations in both the unstimulated absorption and the toxin response.
The changes in membrane composition induced by dietary fat may determine the binding of bacteria or toxin to the intestinal cells. Studies on animals have shown that more cholera toxin binds to the microvillus membrane of the newborn rabbit compared with adults26 and these effects may be related to the reduced ratio of protein/phospholipids commonly found in the immature membrane of the newborn.2728
Although high polyunsaturated dietary fat reduces the total phospholipids in microvilli,29 which may in turn reduce the binding sites available for cholera toxin, this is unlikely to be the only explanation for our observations. Polyunsaturated fat, however, can increase activity of Na+/K+ ATPase in the basolateral membrane,530 and this could counteract the secretory effect of adenyl cyclase induced by cholera toxin.
The Na+-coupled glucose absorption route is unlikely to be involved in the protective mechanism of unsaturated dietary fat because cholera toxin does not interfere with Na+-coupled glucose transport25 and dietary fat did not appreciably alter the absorption of glucose at the low concentration used in this study.
Polyunsaturated fat significantly increased the tissue concentration of somatostatin in the proximal segment of rat small intestine compared to the low fat group (submitted data). ' 
